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ABSTRACT 
Presence of heavy metals in waste water cause biological imbalance and environmental hazards. Various conventional and 
aggressive chemical protocols were employed for effective removal of heavy metals from waste water. Certain 
disadvantages like unwanted toxic by-products, high cost, environmental and occupational hazards pave the way for using 
of biogenic and hybrid adsorbents. Various active organic functional groups and larger adapted surface area in biogenic 
and hybrid adsorbents enhance the adsorption competence remarkably. Enhanced adsorption capacity depends on 
appropriate preparation techniques, variation of initial metal concentration and contact time etc. We will emphasize 
effectiveness of using hybrid biogenic adsorbents rather than general biogenic materials.  
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1. INTRODUCTION  
Water, the most essential component in ecosystem and 
human living organism, is polluted immensely by water 
pollution, industrial effluents, heavy metals and 
pesticides [1]. Various physio-chemical parameters are 
the indications of potable and usable water. 
Sustainability with green approach is need of the hour 
for smooth manoeuvrings of pollution free environment 
as well as maintenance of healthy ecosystems. Random 
industrialisation without proper obeyance of standard 
protocols leads to improper handling of effluents 
containing large number of toxic heavy metals which 
primarily origins pollution of water results into 
environmental and occupational health hazards. 
Orthodox processes such as reverse osmosis, Ultra-
filtration etc are inept of quantitative assessments and 
efficient removal of heavy metal in low concentration 
from industrial effluents. Humans are greatly affected 
by various irreversible diseases caused by heavy metals 
viz., Hg, Cd, Cr, Pd, Co, As, Pb, Zn etc. Conventional 
chemical methods with aggressive protocols due to their 
indirect destructive impact on environment and high 
cost are not best appropriate techniques for effective 

removal of heavy metals from waste water. Adsorption 
process by natural adsorbents is one of the best 
alternatives to remove toxic heavy metals from 
industrial waste water. Effective implementation of 
adsorption capacity by chicken feather, hair, natural 
seeds and plants, daily wastages stuffs etc have been 
reported so far. Low concentration of heavy metals in 
waste water can also be efficiently removed by biogenic 
adsorbents. Kinetics of adsorptions is also evident from 
various kinetic studies such as Freundlich and Langmuir 
Adsorption isotherm. Certain active bio molecules or 
inorganic mixed oxides can be functionalised with 
biogenic materials for enhancement in adsorption 
capacity. Functionalised molecules can be recovered 
easily from the treated water due to minimum solubility 
and recyclable protocols.  Morphological analysis such 
as FTIR, SEM, TEM etc reveals their effective  
structural advantages and contact time, pH, and initial 
concentration dependent adsorption parameters 
supports effectiveness as hybrid adsorbent  to remove 
toxic heavy metals from waste water. Classifications of 
nano-based water treatment are mentioned in various 
literatures [12-14]. 

 

ISSN 
0976-9595 

Review Article 

http://www.sciensage.info/jasr


 

                                                                   Halder et al., J Adv Sci Res, 2021; ICITNAS: 292-298                                                                293                     

 
"Special Issue: International Conference on Innovative Trends in Natural and Applied Sciences -2021” 

Table 1: Standard permissible limits in waste water (effluents) and adverse health effects caused by 
specific toxic heavy metals 

Toxic heavy 
metals 

(Pollutants) 

Major available 
sources 

Adverse health 
effects 

Standard permissible limits 
in waste water (effluents) in 
ppm by various organization 

References 

Hg 

Hydroelectric, mining, 
pulp, paper industries. 

coal burning, 
incineration and Chloro-

alkali industry 

Tremors; 
Emotional changes 

WHO 0.001 

[2,3] 
China 0.005 

USEPA 0.00003 
World Bank 0.01 
India CPCB 0.01 

Cd 
Smelters, marble, steel, 

and metal plating 
industries. 

Flu-like 
symptoms, damage 

lungs. 

WHO 0.003 

[4,5] 
 

China 0.03 
USEPA 0.01 

World Bank 0.1 
India CPCB 1.0 

 
Pb 

metallurgical, chemical 
and petrochemical 

industries 

Anemia, weakness, 
kidney, brain 

damage, 

WHO 0.01 

[6,7] 
 

China 1.0 
USEPA 0.006 

World Bank 0.1 
India CPCB 1.0 

Cr 
(Hexavalent) 

Discharges from steel 
and pulp mills, and 
erosion of natural 

deposits of chromium-3. 

Targets the 
respiratory system, 
kidneys, liver, skin 

and eyes, cancer 

WHO 0.05 

[8,9] 
China 0.5 

USEPA 0.05 
World Bank 0.5 
India CPCB 2.0 

Ni 

Sludge, and in slags and 
fly ashes from waste 

incineratos, phosphate 
pesticides 

Allergy, 
cardiovascular and 

kidney diseases, 
lung fibrosis, lung 
and nasal cancer 

WHO 0.02 

[10,11] 
China 1.0 

 

 
 

Fig. 1:  Schematic classification of nano-based water treatment 
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2. USE OF NANO MATERIALS IN WASTE 
WATER TREATMENT 

Carbon based nano materials (CBNs) are derived from 
activated granular carbon and due to its versatile 
mechanical strength and biocompatibility; it is treated as 
efficient adsorbent for removal of heavy metal ions from 
polluted water. It has certain disadvantages viz., slow 
kinetics and regeneration in aquous medium [15]. To 
ward off the disadvantages, use of new generation 
hybrid carbon nano materials such as CNTs, 
functionalised graphene oxides, biogenic nano materials 
/nanocomposites have been alternatively used [16]. 
 
2.1. Classification of Carbon Nano-materials on 

the basis of relative dimensions [17-19] 
I. Zero-dimensional (0-D) nanomaterial (all 

dimensions <100 nm) e.g., fullerene and quantum 
dots 

II. One-dimensional (1-D) nanomaterials (two 
dimensions <100 nm, one dimension >100 nm) 
e.g., carbon nanotubes 

III. Two-dimensional (2-D) nanomaterials (two 
dimensions >100 nm) e.g., graphene. 

IV. Three-dimensional (3-D) materials (all dimensions 
>100 nm) e.g., graphite and nanocomposites. 

 
2.2. Application of Graphene oxide in waste 

water treatment 
Graphene is stable in water due to the existence of 
extensive H-bonding throughout graphene layer. Proper 
pore size in Graphene oxide and considerable formation 
of thin films, waste water can be treated efficiently due 
to the encapsulation of metal ions inside the thin layer 
moiety. Graphene oxide, by the virtue of strong 
hydrophilic character, can act as desalinating agent and 
water can flow with minimum hindrance between 
grapheme oxide membranes [20-22]. Graphene based 
materials can be used as biocompatible nano-porous 
materials to remove heavy metals from polluted water 
[23-26]. Table 2 illustrates the advantages of various 
microstructures in Graphene oxide (GO) for the 
enhancement of sorption efficiency. 

 
Table 2: Efficacy of engineered GO in removal of dissolved metal ions from polluted water 

Metal ions Hybrid Modified graphene oxide 
Sorption capacity in 

(mg/g)/removalefficacy in % 
References 

As3+ Porous graphene materials 80% [27] 
Pb2+ Reduced graphene oxide+ Fe3O4 373.14 mg/g [28] 

Pb2+,Cu2+, Ni2+, 
Cd2+, and Cr3+ 

Reduced graphene oxide with 4-
sulfophenylazo (rGOs) 

689, 59, 66, 267 and 191mg/g 
respectively 

[29] 

Pb2+ 
Graphene-based self-propelled 

microbot system 
80% [30] 

Mn2+ 
Hydrogen beads using graphene 

oxide and sodium alginate (GO-SA) 
56.49mg/g [31] 

Pb2+ 
Zinc oxide with tea polyphenol with 

reduced graphene oxide (TPG-ZnO). 
98.9% [32] 

Pb2+ GO+ Fe3O4 
98% removal efficiency and 

sorption capacity of 126.6 mg/g 
[33] 

Pb2+ 
Graphene-hydrogel lingo sulfonate 

functionalized Nanocomposites 
1308 mg/g [34] 

Hg2+ 
Graphene oxide with chloroacetic acid 

(GO-COOH) and ethylenediamine 
(GO-amino). 

122 mg/g and 230 mg/g 
respectively 

[35] 

Fe2+, Mn2+ Magnet graphene oxide - [36] 
Cu (II), Pb (II), Fe 

(II), and Mn (II) 
Graphene-based adsorbent - [37] 

Pb2+ GO+Al2O3 96% removal efficiency [38] 
Mn2+ Reduced GO+ Fe2O3 425 mg/g [39] 
Cr6+ Membrane GO 372 mg/g [40] 
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2.3. Application of carbon nano-tube (CNT) in 
waste water treatment 

Carbon nanotubes are classified depending on relative 
surface area (150-1500 m2/g) and continuing of 
graphene sheets as follows [41]:  

 Single-wall (SWCNTs), approximate diameter 
between 0 and 3 nm; e.g., layered rolled up 
grapheme 

 Multiwall carbon nanotubes (MWCNTs), extent to 
100 nm of diameter e.g., multilayered rolled up 
graphene 

CNT can be used in diode junction and efficiency of 
photovoltaic cell is enhanced to multiple extents. Meso  

pores in CNT and its photo catalytic activity makes its 
viable to remove heavy metals from polluted water [42]. 
Leiva et al. [43] showed the implications of dispersion 
effect on the exercise of CNTs for the removal of heavy 
metals. Hydrophobic character of CNT and specific 
toxicity on certain aquatic organisms are the noteworthy 
disadvantages of using CNT. Application through 
column membrane technology and derivativesation with 
organic functional groups results in suitable use of CNT 
in waste water treatment [44].  Various operational 
factors such as contact time, optimum pH play an 
important role for the enhancement of adsorption 
capacity/efficiency using CNT as an adsorbent [45]. 

 
Table 3:  Illustration of various factors on the adsorption capacity of CNT based adsorbents for the 
removal of heavy metal ions 

Metal 
ions 

CNT based adsorbent 
Contact time 

in hrs 
optimum 

pH 
Adsorption capacity 

(mg/g)/efficiency (%) 
Reference 

Hg2+ SWCNTs 1.50 7.94 41.66 mg/g [46] 
Hg2+ SWCNTs-Fe3O4-CoS 0.11 5.26 1666 mg/g [46] 
Cr 6+ 
As3+ 
Pb2+ 

SWCNTs-polysulphone 
(membrane) 

Flux through 
membrane 

2.6 
- 
- 

96.8% 
87.6% 
94.2% 

[47] 

Cr 6+ SWCNTs 1.00 2.5 2.35mg/g [48] 
Cr 6+ MWCNTs 1.00 2.5 1.26mg/g [48] 

Cr 3+ 
Functionalized 

MWCNTs 
3.00 6.0 99.83% [49] 

Pb2+ Al 2O3-MWCNTs 1.00 7.0 90% [50] 
 
2.4. Application of fullerene in waste water 

treatment 
Fullerene is represented by the general formula C20+m 
(m= integer). Fullerene has minimum accumulation 
tendency and larger surface area. Due to these two 
exceptional morphological characteristics, heavy metals 
can be adsorbed in between the voids and defects of 
nanosheets of fullerene [51]. High mobility and 
enhanced hydrophobic character of fullerene in 
comparison to other polymeric nano-composites such as 
poly-styrene remarkably enhance its removal capacity of 
Cu2+. Kinetic study of the potential removal of Cu2+ is 
also supported by Langmuir adsorption isotherm. 
Surface area can be altered when fullerene is structurally 
embedded with zeolites, lignin or other compatible 
polymeric materials. Fullerene is found to be used in 
membrane technology due to its various thermophysical 
properties such as tiny structures with large surface 
area, friendly recyclability, and easy mode of 
fictionalization etc. Polymeric grafting of fullerene with 

poly vinyl pyrrolidone produces antibacterial material 
which is used as water disinfectant [52]. 
 
2.5. Application of biogenic nanoparticles in 

waste water treatment 
Plant extracts, leaf, yeast, fungi etc. are the precursors 
to prepare biogenic nanomaterials. Generally, 
biologically active natural molecules are combined with 
specific metal salts and under non-destructive conditions 
NP is obtained. Impurity removal from the biogenic NP 
is the major challenge. Significant advantages of biogenic 
NPs are cost effectiveness, easily available precursors 
and non-invasiveness [53]. Synthesized NPs can be 
strategically combined with other bioactive molecules 
for the potential enhancement of surface area and 
activity. 
 
2.6. Application of nano photo catalysts in 

waste water treatment 
Nano photocatalyst in presence of light can biodegrade  
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organic pollutants as well as reduce dissolved metal ions 
[68]. Ag (I) can be removed with removal efficiency of 
99.7% by P25 TiO2. Photocatalytic reduction depends 
on redox potentials. It has been experimentally 

observed that if E°1/2 of metals > 0.3 eV, dissolved 
metal ions can be reduced to its removable form of 
corresponding metal and deposit on larger surface. 

 

 
 

Fig. 2: Schematic representation of various precursors for the synthesis of Biogenic NPs 
 
Table 4: Maximum adsorption capacities of biogenic NPs for the removal of heavy metal ions 
Metal ions Biogenic NPs Maximum adsorption capacity References 

As (III) Fe2O3 NPs using Aloe vera leaf extract 38.47 mg g−1 at 20°C. [54] 
As(III) 
As (V) 

magnetic iron oxide NPs from tea waste 
88.69 mg g−1 
153.8 mg g−1 

 
[55] 

As (III) 
iron oxide NPs usingeucalyptus extract+ 

Chitosan 
147 mg g−1 [56] 

As (III) 
As (V) 

Iron oxide NPs usingM. ferrooxydanson 
104.53 mg g−1 
48.06 mg g−1 

[57] 

Cr (VI) 
Modified Fe NPs using P. granatum extract + 
yeast Y. lipolytica (NCIM3589/NCIM 3590) 

125.0 and 
156.3 mg g−1 

(NCIM 3589/NCIM 3590) 
[58] 

Cr (VI) Fe NP using Eucalyptus globules leaf extract. 98.1% [59] 

Cr (VI) 
Fe NPs by using different plant and fruit 

extracts (Camellia sinensis, Syzygiumaromaticum, 
Mentha spicata and Punica granatum) 

500 mg g−1 [60] 

Cr (VI) Fe NPs synthesized by S. jambos 698.6 mg g−1 [61] 
Cr (III) and 

Pb (II) 
Fe NP using CLC 105.6 and 102.3 mg g−1 respectively [62] 

Cd (II) CdS NP using P. aeruginosa 
88.66% removal of Cd, 48 h contact 

time 
[63] 

Cd (II) Fe NPs synthesized from tangerine peel extract 91% removal of Cd [64] 
Zn (II) Se NPs using anaerobic granular sludge 70% [65] 
Cu (II) Fe NPs using S. thermolineatus 85% [66] 

Hg Se NPs from bacterial EPS 81.2% [67] 
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Table 5: Photo catalytic action of TiO2 on the efficient removal of specific metal ions 
Metals ions to be removed/ aggregation on 

the TiO2 surface, 0.1 wt% of TiO2 
Efficient removal References 

Ag(I) Yes 

[69, 70] 

Au (III) Yes 
Cr (VI) Yes 
Hg (II) Yes 
Pb (II) Yes 
Mn (II) Yes 
Pt (IV) Yes 
Cd (II) No 
Ni (II) No 
Fe (II) No 

 
3. CONCLUSIONS AND FUTURE PERSPECTIVES 
Environmental and occupational health hazards affect 
biological and chemical environments such as 
contamination of water through agricultural and 
industrial contamination of water and land. 
Uncontrolled use of pesticides and organic contaminants 
produces reactive oxygen species (ROS) which induces 
DNA methylation and genetic disorders. Hence, 
identification and efficient removal of dissolved heavy 
metals in polluted water are the need of the hour. Use 
of fabricated hybrid nano-catalyst having larger surface 
area, wide nanosheets and regenerative properties are 
the sustainable routes to prevent adverse health hazards. 
Our report on the applications of various hybrid 
nanomaterials clearly showcases the enhancement of 
adsorption efficacy and strict adherence of green 
synthesis protocols. 
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